Objective: To evaluate the effectiveness of acupuncture for fibromyalgia. Methods: Fifty-eight women with fibromyalgia were allocated randomly to receive either acupuncture together with tricyclic antidepressants and exercise (n = 34), or tricyclic antidepressants and exercise only (n = 24). Patients rated their pain on a visual analogue scale. A blinded assessor evaluated both the mean pressure pain threshold value over all 18 fibromyalgia points and quality of life using SF-36. Results: At the end of 20 sessions, patients who received acupuncture were significantly better than the control group in all measures of pain and in 5 of the SF-36 subscales. After 6 months, the acupuncture group was significantly better than the control group in numbers of tender points, mean pressure pain threshold at the 18 tender points and 3 subscales of SF-36. After one year, the acupuncture group showed significance in one subscale of the SF-36; at 2 years there were no significant differences in any outcome measures. Conclusion: Addition of acupuncture to usual treatments for fibromyalgia may be beneficial for pain and quality of life for 3 months after the end of treatment. Future research is needed to evaluate the specific effects of acupuncture for fibromyalgia.
INTRODUCTION
Fibromyalgia is a diffuse musculoskeletal pain syndrome with multiple tender points that are widely and symmetrically distributed throughout the body (1) . The main symptom is widespread musculoskeletal pain, lasting longer than 3 months, which is associated with chronic fatigue, cognitive dysfunction, sleep disorder, morning stiffness, anxiety and depression. For most patients, these chronic symptoms negatively affect their quality of life and performance (2) (3) (4) (5) . The aetiology of fibromyalgia remains unknown (6) (7) (8) .
In Brazil, fibromyalgia is estimated to affect 2.5% of the population (8) . This prevalence is similar to that in other countries (9) (10) (11) .
In the year 2000, fibromyalgia was cited as the main cause of musculoskeletal pain among patients attending the Clinics Hospital, in São Paulo, Brazil (12) . Despite increasing interest in and understanding of this complex syndrome, effective and specific treatment is still not available, and there are no US Food and Drug Administration-approved treatments (13, 14) . Standard treatment typically involves the chronic use of medication for pain control. The aim of this study was to assess the efficacy of an alternative therapeutic approach.
Evidence from randomized trials shows that partial and short-term improvements in fibromyalgia symptoms can be achieved with low doses of antidepressants (15) ; physical activity such as aerobic exercise (16) ; relaxation techniques (17) (18) ; and behavioural therapies (19) (20) .
Acupuncture is one of the oldest forms of therapy and is widely practised in the USA. Each year about 1 million Americans undergo acupuncture treatments, mainly to relieve pain caused by a variety of ailments (21) . A consensus statement from the US National Institutes of Health (NIH) concluded that acupuncture may be useful as an adjunct treatment or may be an acceptable alternative treatment in a comprehensive management programme for fibromyalgia patients (22) . In Brazil, there is increased interest in acupuncture; in 1995, a federal law established that the procedure can be performed only by physicians.
Systematic reviews looking at the effectiveness of acupuncture for fibromyalgia have found a limited number of high-quality scientific studies. There is moderate evidence that acupuncture is more effective than sham acupuncture in improving symptoms of fibromyalgia (23) (24) (25) . The quality of the randomized trials in this area has been criticized because of small study populations and short duration of follow-up intervals (23) (24) (25) (26) . However, a recently published randomized trial demonstrated that acupuncture was no better than 3 different forms of sham acupuncture in relieving subjective pain among patients with fibromyalgia (27) .
There is a need for acupuncture trials that include a large sample size of patients with similar and well-defined pain condi-tions. Such trials should utilize standardized and well-described acupuncture stimuli. These should be placed effectively in accordance with classical Chinese experience and utilize unequivocal primary outcome measures for the effect (28) .
The objective of this study was to evaluate the benefit of adding acupuncture to the standard course of tricyclic antidepressants and exercise in patients with fibromyalgia. The 2 outcomes of interest were pain and quality of life, which were measured in a randomized trial with a 2-year follow-up period.
METHODS

Patients
We included female patients aged 20-70 years diagnosed with fibromyalgia according to the 1990 American College of Rheumatology (ACR) classification criteria (29) . To be included, patients had to report moderate to severe pain intensity (visual analogue scale (VAS) > 4), and they had to be using antidepressant medication in an analgesic dose (between 12.5 and 75 mg/day).
Patients were recruited by physicians from the Clinics Hospital in São Paulo. They included doctors practising in the Pain Clinic of the Department of Neurology, those in the Rheumatology Clinic and those in the Division of Physical Medicine of the Institute of Orthopedics and Traumatology. ACR criteria were applied by one of the physicians (HHSK) to confirm the diagnosis prior to the enrolment to the study. Patients were not included in the case of severe psychiatric disease, the presence of neurological deficits, cardiac disease or glaucoma, and treatment with acupuncture within one year prior to the start of the study.
Between 2 April 2000 and 10 October 2001, 60 patients with the diagnosis of fibromyalgia were recruited to participate in the clinical trial. Two patients were not included: one did not agree to participate in the study; another had undergone acupuncture treatment in the previous 12 months. The remaining 58 patients fulfilled all inclusion criteria and agreed to participate in the trial. Table I summarizes the patients' baseline characteristics.
Patients were informed about the treatment protocol and admitted to the study only after giving their written, informed consent. The study protocol was approved by the ethics review committee of the Clinics Hospital.
Interventions
Patients were randomly allocated to 1 of 2 treatment groups: acupuncture added to the standard care, or standard care alone. Randomization was performed using a computer-generated random sequence of numbers provided by the Hospital's Informatics Departments. The randomization was conducted by one physician who was not involved with the inclusion or exclusion process.
Patients in the acupuncture group received 20 sessions, always performed by the same physician (RAT) who had 5 years of clinical acupuncture experience. The sessions occurred twice weekly and lasted 20 min each. The acupuncturist used disposable, sterilized, flexible stainless steel 0.25 × 40 mm needles. The classical acupuncture points employed were: Ex-HN-3 and bilateral LR3, LI4, PC6, GB34 and SP6 points (30) . Needle penetration was 10-30 mm without extra rotational or manual stimulation after needle insertion. Depth of needle penetration was determined by the patient's sensitivity until "chi" sensation was obtained. The inclination of the needle was 90º in all points except for Ex-HN-3 where it was 45º. Patients also received standard care which included 12.5-75 mg of tricyclic antidepressants per day, oral instruction to walk for 30 min twice a week at their own pace, to breathe deeply and to perform mental relaxation exercises for another 30 min. They were also told to perform twice-weekly stretching exercises involving the paraspinalis muscles, glutei, hamstrings, ankle plantar flexors and hip flexors. The dosage of the tricyclic antidepressant was individualized according to the routine medical treatment of our pain clinic.
Patients randomized to the control group received the same standard care; however they did not receive any acupuncture treatment. They were seen by a physician at the beginning of the study and during the follow-up visits. No additional visits were scheduled for the controls to compensate for the extra attention being received by patients in the acupuncture treatment group. Compliance with the use of either exercise or antidepressant drugs was based on patients' reports during the outcome evaluation interviews.
Outcome assessment
The primary outcome measure was pain intensity at the first follow-up visit after the end of the 20 acupuncture sessions. This visit occurred 3 months after randomization (T1). Pain intensity was evaluated using a VAS (10 cm), where "zero" corresponds to no pain and "10" corresponds to the worst pain experienced by the patient.
Other pain-related outcomes were the number of tender points below 4 kg/cm 2 (TePsN) and the mean pressure pain threshold (PPT) value over the 18 fibromyalgia points (PPT18), as quantified by a pressure algometry (Pain Diagnostics, Great Neck). Standard values, validity and reproducibility of PPT measured by pressure algometry have been demonstrated over normal muscles (31) . The number of tender points is a criterion for the diagnosis of fibromyalgia. According to the ACR, there should be at least 11 of 18 tender point sites that are painful with digital palpation pressure of 4 kg. PPT18 was obtained by determining the sum of the PPT value of the 18 tender points divided by 18 and expressed in kg f /cm 2 . Higher PPT18 values indicate less severe symptoms.
In addition to these pain-related outcomes, patients' quality of life was assessed by the validated Portuguese version of the MOS 36-item short form health survey (SF-36) scale (32) . The scale quantifies patients' quality of life in 8 multi-item scales measuring physical functioning, role limitations owing to physical health, bodily pain, general health perceptions, vitality, social functioning, role limitations owing to emotional problems and mental health (33) . Higher values indicate better quality of life. All outcome assessments were conducted at baseline, and again 3, 6, 12 and 24 months after the first evaluation. Patients rated their pain intensity using a VAS. Blinded evaluation of PPT18 and TePsN was carried out by a single physician (HHSK), while blind evaluation of quality of life was conducted by one psychologist (LPMS). Even though the patients knew which group they were in (either the acupuncture treatment group or the standard care group), they were instructed not to communicate this information to the outcome assessors.
Statistical analysis
This study was designed to have 80% power to detect a 1.2-point difference on the VAS before and after treatment, with a 0.05 probability of type I error. To determine the sample size, we used the results of a previous pilot study (34) . In this study, a mean reduction of 2.07 in the acupuncture group and 0.9 in the control group was reported. The required sample size was 25 patients in each group (treatment and controls).
The analysis, which continued up to 12 months after randomization, was based on an intention-to-treat principle; this means that all randomized patients were included in the analysis, and they were analysed according to the randomized treatments. At the 24-month follow-up, 3 randomized patients were lost, and no attempt was made to input any value for their outcomes.
For the PPT18 variable, we used paired t-tests for within-group comparisons and Student's t-tests for between-group comparisons. We used Wilcoxon rank-sum tests for within-group comparisons and MannWhitney U tests for between-group analysis of VAS, TePsN and SF-36. PPT18 was analysed using means and standard deviation (SD). VAS, TePsN and SF-36 values were analysed using median and range (35) .
For categorical variables, we used either a χ 2 test or Fisher's exact test. Standard statistical software package SPSS 13.0 for Windows was used for the analyses. All reported p-values are 2-tailed and were considered significant at the 0.05 level.
RESULTS
Primary outcome measure
According to our primary outcome measure (pain using VAS), acupuncture added to usual care was more effective than standard care alone. At 3 months, the median VAS score in the group that received acupuncture was 5.0 (range 0-10) compared with 8.0 (range 4-7) in the group that received usual care only. This difference was statistically significant (p < 0.001) (see Table II and Fig. 1) . VAS evaluations at 6, 12 and 24 months' follow-up were not statistically different between the 2 groups (p > 0.05) (see Table II and Fig. 1) . Tables II, III and Fig. 1) . However, at the 6-month follow-up (T2), the benefits of acupuncture vs standard care were maintained only for TePsN, PPT18 (Table II; Fig. 1 ) and for one subscale (general health) of the SF-36 (Table III) .
At the 12-month follow-up (T3), only one subscale (role physical) of the SF-36 showed a statistically significant difference in favour of the acupuncture group (see Tables II, III and Fig. 1 ). At the 24-month follow-up (T4), there were no statistically significant differences between patients in the acupuncture and the control group in any measure of pain or quality of life (see Tables II, III and Fig. 1) .
Patients' VAS, TePsN and PPT18 scores in the acupuncture group also showed improvement compared with their pre-treatment values and all follow-up evaluations including at 24 months' follow-up (p < 0.005). No significant differences (p > 0.05) were noted in patients in the standard care group at any time (Fig. 1) .
Patient compliance with the acupuncture treatment was 97.1% (i.e. 33 patients came to all 20 acupuncture sessions). Only one patient did not complete the full course, abandoning the acupuncture treatment after receiving 17 sessions because of complete relief of pain. All data from the randomized patients were analysed in all evaluations, except for the 24-month follow-up, where the follow-up rate was 94.1% in the acupuncture group and 95.8% in the control group.
DISCUSSION
This study showed that the addition of acupuncture to the usual treatment for fibromyalgia, compared with the control group, improved all pain outcome measures (VAS, TePsN and PPT18) in short-term follow-up; for intermediate-term follow-up after acupuncture treatment, pain measured by TePsN and PPT18 was also reduced. At both follow-up intervals, there was improvement noted in the TePsN and in the mean pain pressure threshold values over all PPT18. Our results, however, did not demonstrate benefits at the longer term follow-up in any of the pain outcome measures.
We found that quality of life improved more among patients in the acupuncture treatment group compared with those in the standard care group. However, these benefits were more pronounced at the short-term follow-up and in specific subscale measurements of the SF-36, namely physical functioning, bodily pain, vitality, and emotional and mental health. We only detected a significantly better score for the role physical subscale of the SF-36 at 12 months' follow-up.
Patients' VAS, TePsN and PPT18 scores in the acupuncture group also showed improvement compared with their pre-treatment values and all follow-up evaluations. It was interesting to find that patients with such a severe disease improved if they received acupuncture added to the standard care.
Our study also demonstrated that, at short-term followup, 88% of patients in the acupuncture group experienced a relevant improvement in pain intensity after 20 sessions of acupuncture, 79% of patients showed improvement in their TePsN score, and 88% of patients showed improvement in their PPT18 score. After 2 years, this improvement drops to 62, 64, and 61%, respectively.
Several previous randomized (27, (36) (37) (38) (39) (40) (41) (42) and non-randomized (43, 44) trials have demonstrated a beneficial effect from acupuncture in fibromyalgia patients. The only contra- dictory results were found by Assefi et al. (27) , who could not demonstrate any benefit of acupuncture in relieving pain compared with 3 different types of sham treatment (27) . One explanation may be that Assefi et al. (27) did not use any adjunctive therapies with acupuncture to treat the patients.
It is possible that the treatment benefit observed in our trial was due to a synergistic effect of combining acupuncture with antidepressants (23, 45) . In comparison with antidepressant drugs alone, Cassisi et al. (45) also demonstrated benefits when acupuncture was combined with antidepressants. Dosage of the tricyclic antidepressant used by our patients was prescribed according to the routine medical treatment of our pain clinic and was kept the same throughout the entire study period. We agree with Millea & Holloway (16) , that the dosage of tricyclic antidepressant must be individualized, given variable absorption, metabolism and excretion (16) . Dosage varied from 12.5 to 75 mg/day and most of our patients (84.5%) received 50 mg/day. There was no significant difference between the dosages used in both groups (p = 0.329, χ 2 test). Therefore, different medication dosages among patients did not confound our results.
Similar to Martin et al., (41) , our patients were homogenous in diagnosis, characteristics and severity of symptoms. We also evaluated a female and predominantly white population, though from a developing country. We agree with Martin et al. (41) , that future research should extend these observations to men and other ethnic and racial groups.
Most studies (27, (39) (40) (41) (42) have evaluated the effect of acupuncture compared with sham treatment. We agree again with Martin et al. (41) , that placement of the acupuncture needles at incorrect or sham points may provide neuromodulatory inputs to the sensory nervous system producing physiological changes that are indistinguishable from changes due to stimulation of "true" acupuncture points. We also believe that the placebosimulated configuration described by Martin et al. (41) , is a better, more realistic placebo acupuncture treatment that should be employed in future studies. They demonstrated that acupuncture was significantly better than placebo stimulation only one month after the end of a set of acupuncture treatments at standardized fixed points (41) . Similar to our results, they did not find significantly different results in long term follow-up of 7 months (41) .
A usual-care comparison group, like the one used in our pain clinic, has not been described in the literature until now. We decided to evaluate the effect of acupuncture on pain and quality of life compared with a usual care group. In our study, therefore, acupuncture was evaluated as a complementary part of the medical treatment of fibromyalgia and not as an isolated approach. We understand that, due to the complexity of fibromyalgia syndrome, associated with the severity of symptoms, monotherapy modalities are not indicated.
Similar to other randomized controlled trials that evaluated the effect of acupuncture in fibromyalgia patients (27, 41) , we made a potentially controversial decision to standardize the acupuncture points in order to allow reproducibility of the technique and to help us to assess the efficacy of a specific acupuncture procedure. We realize that the use of acupuncture at fixed points may differ from acupuncture that is practised in clinical settings where therapy is usually individualized (27, 36) . We agree with Assefi et al. (27) , that there is no consistent data suggesting that individualized acupuncture is superior to fixed-point prescriptions. Also, no gold standard exists for the selection of acupuncture points for treatment of fibromyalgia. In the absence of data, similarly to Assefi et al. (27) , we designed a protocol based on our clinical experience. We selected acupuncture points that could provide symptomatic relief in our patients, since the pathogenesis and aetiology of fibromyalgia remains unknown. Interestingly, Martin et al. (41) selected similar acupuncture points to those used in our study (LI4, SP6 and PC6). We did not use ST36, H7 and LR2. We selected GB34, LR3 and Ex-HN-3 instead. Our study reported similar results to those by Martin et al. (41) , who found that acupuncture was effective to provide significant symptomatic relief in patients with fibromyalgia in the short-term but not the long-term.
There are a number of limitations to this study. The allocation of randomization was not concealed. Information on compliance regarding the use of exercise, deep breathing, walking, mental relaxation and antidepressant drugs was based only on patients' reports during the outcome evaluation periods. Patients' expectations about acupuncture were not assessed, and we cannot rule out the possibility that improved outcomes in the acupuncture group might have been due to the fact that these patients had more visits to healthcare providers, received more attention and social contact, and were more exposed to the therapist-patient relationship. Similarly to other authors (27, 42) , we used a non-disease-specific scale to evaluate the quality of life of our patients, which is not specifically designed for fibromyalgia patients. However, the Fibromyalgia Impact Questionnaire (FIQ) had not been validated into Portuguese at the time of our study.
All randomized controlled trials published in the literature that have studied the effect of acupuncture in fibromyalgia patients have been performed in developed countries (27, (36) (37) (38) (39) (40) (41) (42) (43) 45) . Our study is the first randomized controlled trial, to our knowledge, to have evaluated the effect of acupuncture for the treatment of fibromyalgia in a developing country and with a long-term follow-up of 24 months.
There is evidence that the effects of acupuncture may last for years after a course of treatment (44) . Waylonis (44) also found that the benefit lasted from one month to one year after treatment. Others, such as Deluze et al. (40) , did not present any long-term results. In fact, their patients were only evaluated before the first acupuncture session and after that treatment. The other 2 high-quality randomized controlled trials only followed patients up to 6 months (27) and 7 months (41) after completion of their treatment. In our study, we followed patients up to 24 months. Our results, however did not demonstrate any longer term benefit of acupuncture in the pain outcome measures. We could only detect a significantly better score for the role physical subscale of the SF-36 at the 12-month follow-up.
One advantage of acupuncture treatment is that it produces fewer adverse side-effects compared with many drugs used to treat fibromyalgia symptoms (22) . Two patients in the acupuncture group (5.8%) developed temporary oedema of the left hand at the LI4 needle insertion site. McCartney et al. (46) (2000) similarly reported a case of bilateral hand oedema after use of bilateral LI4 acupuncture points to treat chronic low-back pain and sciatica. Similar to Assefi et al. (27) , Martin et al. (41) and Costa (42) , acupuncture treatments were also very well tolerated by our patients. Our patients did not report discomfort, soreness, vasovagal symptoms, bruising or haematomas during the treatment period, and did not report other complaints during the follow-up evaluations.
Only 3 patients (5.2%) were lost to follow-up during our trial. This loss rate is much lower than rates reported by Deluze et al. (40) and by Cassissi et al. (45) . In our trial, losses occurred only at the 24-month follow-up.
We did not measure any specific effects of acupuncture alone on pain or on quality of life. Further research will be needed to evaluate the specific individual effects of acupuncture. We feel that adding acupuncture to standard care is justified, especially when the cost of this treatment is weighed against the costs of this painful chronic condition, all of which must be borne by patients, their families and by society in general.
In conclusion, the addition of acupuncture to usual treatment for fibromyalgia may be beneficial for pain reduction and quality of life, but only in the first 3 months after the end of the treatment. Future research will be needed to evaluate the specific effects of acupuncture for fibromyalgia.
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